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(54) NITRIDE SEMICONDUCTOR UGHT EMITTING ELEMENT 

PROBLEm'tO be SOLVED: To obtain a high output light emitting element 
having semiconductor multilayer structure provided with n-type and p-type 
nitride semiconductor layer on the first and second major surface of an active 
layer having quantum well structure of a nitride semiconductor containing 
indium and gallium wherein the n-type semiconductor layer includes a first n 
type clad layer provided contiguously to the first major surface. 
SOLUTION: The nitride semiconductor element 10 has semiconductor 
multilayer structure comprising a first n-type clad layer 1 4 and a p-type clad 
layer 16 sandwiching an active layer 15. The active layer 15 includes a nitride 
semiconductor represented by InmGal-mN (0<m<1). Band gap can be varied 
to emit the light over a range from ultraviolet to red by varying the ratio (m) 
of indium. When a quantum well structure is employed in the active layer 5^ a 
high output light emitting element can be obtained through strained quantum 
well effect, exciton emission effect, etc.. regardless of LED element or LD 
element. When the active layer is nondoped, band emission having narrow 
half-width can be realized. 
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M.^^tsmim^MW (*f 4 L < I n G a N ) xm^ 

^L<{S. I nGaN) fff^L. ?r 
^#;-C\ I n N-^G a NfJ^fiK-r-^ i t i>'^'^ 

® 1 5{±. #-»^#F^i3^^^-^-^'«i#^«2: 1 0^0 

5tiO*#^Tii^#F)i?: 1 0 0:t^^^^ h.a-AJiiTO 
t::3b-o#|^Mfl2r 15 0 -^y^:^ V a- AlJlT^O^ 

(i,tz»iL<. 5 0^y^'Xba-AmTc7)ff$$:^^ 
|,Cfc;{?^'©t>*ftLV^, vS'ffifl^'iOltMi, 100:t 

h n- AKJiT<7))¥$ \.zmm-h uttfi^^ i>znt 

LV^, «l:^^#F1i)tc0^14^«i^ 2 0 0:ty^'XF 
0. 5umtX'(Dm^i:^U%^. 

[0028] ^-M^i^pmm. #«fi^#Fiiitc^-r 

ixi0vSttiil5tfcv^Tt. vS-ftWJinM. pMv^-m 

v^Ufi-^^FM^^^^'^'^tLl.cof. ^ttif ^ 
[0029] ^g'tiii 1 5 1 F^-^*ie!fe)4-o iO^/i^cti 

t mnmz m t-x-htuf. h -f-^^^fe) ^ y -r Lfc^s 
L/c-«ttJi*i, ^^.(D^<ym%^<^^-^'<^-^^ ^ 



^ ^ t^li:^^ S ^ t /}<X'^ S . #tzT -fe 7°^ 

[00 30] L*>L=5r*i^. ^^mzt^\^xii. -imm 

r\ mimi5tziiT^mmt:}=~yL^UZtyb^mi>M 

[003 1 J m^mi 5(7)mi<7)±mi,zmLxm^{^h. 

X. ^^-hifj^^yyTrntLxi^mL. mzi^m^hx 
<^^x^tii^comB^Bi±t:m^t^-^tr. i^-yxm^m^ 

ii. riMlnj Gai.j N ( 0 < j < 1 ) T'J^^-TI. C 

t^<mtu\ -rcoiiij Gaj.j Nizii\,^x. jcom 

ii. 0<j^0. 5cr,mS^HiZh^Zt:f}^1S-tL\.K ~ 
mzl nGaN{i. I nCOltm^^<i-?>lZl^\,\ 
m'^ikmizm< ^rSMf^fJtlfe 0 . nm^ 5 <y Kilfc LX 

^^^^^mi'izmmmzm:tiij3<7ym^^^^nh-it^ 

jfitii. $'^t::3ifiL<{iO<j so. 3. fti 
^SL<{i0<jS0. 2<7)®Hi^tc^,§„ 
[0032] mic^nm^^'y)<mi4C0^^V 
nmit. 1X1 Oi8/cm3 -1X1 O20/cm3 ^7) 
IEHl*It3$>i>^t«>'S^Ll^. nM^7-yH;il4«|'<7) 
=^^'.'T?tS;6n XI Oi8/cm3 J: ti^-^U^r^glf 
Ml S^comraA^WffiTL. 

7&nx 1 020/01713 J:0i.±^Ui:mi^7)nMi?7-/ 
[00 33] ^lOnM^7-y Hill 4<i. ^<?^m$lZ 

mzmmi±^\,-^:^K i^mw i5tmiconm^'y-y]<m 

t:^-t?> ZtH^mtLW IntGat ^^tsM-im^^ 
lc0nM^^vFiil4{C, $^>tZ{i^l<^n^^5v 



9-36430 

i^ii. ^^mB%:d<]mff^^f:>i)^\,^cox\ zcomjj^mm 
^■^&<ot,z:^i^X'h6i)\ ^commt: 3 0 0 ^y^'x h 

')-mmmit^j:oiz^^i,, z<^tmii. ijum&.T 

[0 0 34] v^^ijii 5(om2c7)^mizmLxm^^ii 
x\^^pm^yvh'mi6ii. psmm^mi^x-mj^ 

N (iCT'. OSs. OSt. s + tSl)r- 
^■tZtfi^X'^^^ 

[0035]S^ll{i^ -9-:7r^r (CM. RS A 
ffiSr#tf) s SiC (6H-SiC. 4H-S iC^-t- 
tf, ) . S ZnO. GaAs. (MgAl 

2 04 . mz^(7) ( 1 1 1) ffi) ^ GaN. m-im^s 

f^i^^^mc^&ym^mM-m^Bmx-m^i-?^ z t i^^^x 
^ 5 ~mmzi±^ ^y^^y, .^ ^^^^^ 

[0036] ^1 l_hicB^$^-^V^^A.x7r«l 

2(i. ^1 1 t^co±izm0s.$ii:s>m^tm^mi^mt 
<^^^^mm't^f^ibizm^wm^ti?. i^a^xh 

•9. ^Utt'GaN. A 1 GaA 1 Nm^zX OiijW^ 

>^'';^Kn-A^i?$(~^^fijj^^^^ 5.^^ Ml l;i>i 

^(^±izmi^^ixhmim^ii^tW¥-mLiji^^\^s i 

C^ZnOoJ:a5rOTT'ffM$;h.TV^§^-^ ^^^^^ 

«i i*'^co±izm^-^tihmitm^wtn=fm^L 

[003 7] yN'.y7rJil2±{Z{i. mi<7)nm.1^^-y 
^mi4{zhmLXnm-:iy^-^y,mi 3ifim^^fiX 
^^h. ^<^nmay^^Y.mi3it' Ga.N. A 1 Ga 

^mxmm-hzttmt lw 

[ 0 0 3 8 ] 1 1 tF;f^^5#i|£^^;i^^^ 

[0039] nSa>^^N;ii3ii^ GaNT'^gfiStf 
nmMl8t<7^X*)~mi}tL^^^~^^y^ay 
Vim^^K. II^S^c7);i^f6j^ ( V f ) 't-j: 

^^±t::^S:^$-l^l>mic7)n|g^7-y K;il4^ci 

[0040] S/^, n^3>^^f>^l 3c7)i^^,j-^^ 

[f&lh£7)ffi,^&;&^/^, 5X10i7/cm3 -5xiO'9/c 

m3 <^^mn\>zhh:Lhifm.^\^\\^ 

[004 1 ] tm;^lS(i, nm.r2y^9Vm\3t<r> 
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y (T i ) h-^ ( Au ) tt:-^ts^mmm. mti-£^ti 
(Ai ) t^^t^-^^mm-^. mtii^n^^nmrnrnt 

mt^ Lxmf hixtz^ symt ^c75±i3 w$ ii/c tjv 

[0042] pM^9>/P=/il6±tCiS. pMni^^^ 
fLTV^I>. pM^^-^^ GaN. AlGa 

1 7 ?r G a n^cmm-^ h . IE«® 1 9 fc^O i 0 -Mn 

[00431 lEmm 1 9 i: iOif * Lt^:t- S -y ^^SM^O 

nmii. lXlOi7/cm3 ~lXlOi9/cm3 c?) 

[0 044] lEmffil 9ti:, pm^y^'^hmi7t(7) 

^;KN i ) i:^ (Au) ^#tf^«*t*^. ^li-ti^ 

V^ icT^J^'&lCiJV^T. Mffil 9<i, pMGaNrJV 
^ ^ b ji 1 7 tSit^ Lt mtt 'V "riv^ h^<n 

[ 0 0 4 5 1 112 ti. ^WMiOf^ 1 c^flffit^ck 
^^#^3fe^^<?5SiJ^7) WlrS^-r o El 2 tZTK-r^S^ 
2 0{i.^l^OnM^7vFM14i;nM3V^^bJi 
1 3 co^ic. ^ 2C0 n^^ 7 -y Fil 2 1 Sr^tt^c^ 

[0046] zco^^m=f2 0 t^fcv^T . m 1 

^S^^Siii2#SnLTfStt^.nTV^^^2c7)nM^' 7 •/ 

1 4 tiOral^O^'y H^^A- >yrllS:^^ < "T^ - 

[0 0471 ^C0S^2COnM^^-yKM2 1ti. i^^t 
nMAla Gai-a N(^^t\ 0<a<l)T- 

0. 6(7^$Effll*lt^S5-&i^*'^>!?^^'''' AlGaNJi^ 
(Dm¥Bmm^m<. 0. eiO^^V^i:. ^l'^"^ 

f&]t::$>|,ji^'^-t-fc^o afiJi. 0<agO. 4c0iE@lrt 



Al^ Gai-a Ni/.:{i|5l^^7)5^^t.->-C^$ai>g'fl: 
;f{3i}£^^4s^ mi;: A 1 G a N i; ^S^-f § Ztifhhtfz. 
^2C0nSi7 7-y b'il2 icO^^Ur^imti^ 5X10 
n/cm3 ~ixi0i9/cm3 c7)$EBl[^tz$)l>i t*"' 
ag^LV^, 't-^D^^'JrM*55X 1 0iVcm3 
hi&^^t. Al GaN(7)j£m^:^)^lS<=5:l)«^t\ 

^iov f i)^m< 0 . wt^mii^m'-thm\^^zh o ^ 

^c?)^-rUrMJt55nxi Oi9/cm3 i.'ohm 
V^i:A 1 GaNc7)SiS^B't4*^'S<^0^^^«Tt-S. 
;&-ib-C'3!)-S>. ^2cDn^^'^ y h'«2 IJi. il^. 5 0 

[00481 ^1 K ^^•y:7r«l,2. nS^^^^ 
bJil3. nS^7-y Ffll4. VS14J11 5. pSi?:? 

[ 0 0 4 9 1 1! 3 {i. *^^0Bco^ 2 cOfflDBlc X ^Mitm 

[00501 msiz^^-tmit^^mi^^^m^s on. 
m^&m 1 5 . Mt^'t^siiJi 1 5 2:M^IlJT'm^■e\'^'S. nM 

^ 7 -y Fii 3 4*5i;t/'m 1 (0r>m^9 -y Hii 3 6 i}-^^^ 

liz^^mmtmrn. ^<'yyTmi2i5Xx/nmay^ 
^fiii 3^:n-tT. mmi i±^zm.n(:>itx\'^^, « 

'tSill 5c7)^2iO±Mt:tlft-ClSit'?>ix-tV^l.mii^P 
M^9yK^36{4. >f y£/''^Ai:7:fU'^Ai:S:-^tfP 
M<OM-fl:!|^¥«#=T?^fi^^^^S . I n h G a ^^tsMit 

r«fcL-C#fflt. l2ATt::t^^?.J:atcvStt^ll 5*5 

^m'^mwmi^z^ y'',^^±\^^z<<^^x^tii^cr,^ 

■y:?.. ^lcOpM:J'7<yH/136{i. pMI Ga 

i.k N (o<k<i) T«-ri.-t*^'a* t.^^. 

I nK Gai-K NH*3V^T. k(7D®i. 0<k^0. 5 

c^mmmzh^:iti}mtL^\ -mi^zi nGawa. 

mi^izhKi. pm^'y-yvmtLx'^mmim=Fi>zmm 
m^zmiii!>ticr>m\^^^^'^*^^^-^Mzii, k^i*^- 
0. 5aTxh^^tmftL^^coxhi>. kisJi. $ 

/^C*f^L<t40<k^0. 3, ]ai«f*L<(40<k 
go. 2c73iEllrti:fc^» 

[005 1 1 miC0pS^9-/F;i3 6c7)dr.^U 
r«(4. IXlO^VcmS -IXlO^VcmS 

mamzhhzttmtL\^\ i^i^pM^7vF/i3 

6 4ic7)dr^ijr?EE*nxl OiVcm3 iOtiJ'^^'V^ 
tvgtt/il 5^<7)m^iiASi^*^'iaTL. ^71g!±J^]« 
Ti-^MrS]t:$> 0 . mi^pM^ 9 -y Fil 3 6 ^^^^-^^ U 
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1 izTj^-tmmiz^i^^pm^ y «y i e izmtxi^K 

[00 52] ^liop^^^.y h'sseii, ^a)m^iz 
mzmmi±^j:^^/>i. 'is&mi5tmi<Dpm^y-y hji 

3 6 i: {± . -^ftr, 3 0 0 :t y^:^ ha-J^i:}±(7)fm^ 

m^m (vSttJi+si cdps^ y y KJi) <7)mmt^3 o 

0^>^XNc7-2.iOt-^^^i:. vSMl 5feiym 
i.. ±t::i>Ke^?tJ:-3{c, I n i: Ga $r#tfS-fl:!^^^ 

^■t^coiz^^X'hhtfi. ^cDmm^ 3 0 o^>'^'^ h 

^oo5 3]'s^mi3(n^ico^mkzmLxmm.^ti 
x\,^inm^y y¥m3Ai±. nmmm^ii^Tmm. 

ai-u-« N(.riT\ O^u. OSv. u + vgl)T' 
[0 0 54] S«l K y<,;,:7r®l 2. nMn^^^ 

3. ^g-sai 5. pMn^^^hMi 7. mm® 

[ 0 0 5 5 ] i2i4<i. ^^^cn>m2<r)mmzxhmim 
4 0{i. micopm^y^y VMS 6 tpm^yi$^^hm 

1 7 ttO^i;. ^2c7)p^;? 5 ).'jj4 1 ^^ftTtW 

[0 0 5 6] Z(O^^^4 0^Zio\.^X. m3lZ^.-t^ 
K®4 Hi. T/U^-yyj^t;(fU^A^:^t^pmm-im 
Kil4 l^igftS^fctcioT. ^lOpM^7-y K/i 

3 6 1 <Dm(DJ^y «y 7°ii^±^ < -r-s ^ t 

[00 57] Z(^m2cr,p^^y.y]i^4n^ ^ 
<{i:. P^A lb Ga,.b N {ZZX\ 0<b<l ) T' 

0. 6(7)m.mmzh6zt^mu\ AioaNn^c 

<^^^BA^itmmW< . 0. 6 J;0>«c§v^t. mi^pM 
^y-y \^m3 6C0^ililrZi,t^t>h(^-r. ^(TymiZ'^y^y 



[00 5S] ^fz. m20pS^7v KJi4 KJ^^A-y 
rmmi. l x l Oi^/cm^^ X l O's/cma to 

-c-^T^^^urM^n XI o'9/cm3 iolsv^ 

i: A 1 G a N 0^b«h14*^M < =5: 0 m^miJ<nT^i> t> 
^Th^. m2c7)p^^^.yK«4'l{i. ii^. 5 0^ 
y^/Xha-A-^O. 5Mm(7)m^^i,'oXmm-^Z 
tt'^X'^^^ 

[0059J^1 K A>y:7rMl2. nmay^^ 

3. vSttJil 5. pS3>'^i?h;ii 7^ 
18t3j;t/iE«@l 9«i. laitl^LTiiPJL^ciiOiO 
nmi'yy}^m3 4iSj:Z/micr,pm^y 
^H®36ii:. ia3t:reLTmBjL;t:ilDcOi,cOT^ 

[ 0 0 6 0 ] m 5 {±. ^^Hjom 3 cOWffitc J: ^ 

[ 0 0 6 1 ] 0 5 izyik-rm^t^^^mi^m^m^ 5 0 a 
m^m 1 5 . ^mzmim 1 5 ^^<7)M{|ijT'i5^tf^i co 

nM^5>y K»5 4^#tfnM^^*(tM5 0 
2c7)pM^ y y 1 S-i-tfpM^^M 5 0 2*>^> 

miizTT.'tmmtmm. ^^yyrmi 2isxi/nmay 
^^hmi3^ifrLx. mmi i±izmifi:>tix^^s, 

m5 4izxKimm^tix\^^, 

[0062] zcD^m^ 5 o(i. m 1 iz^-t^m^T- 

1 OiZtiif^ nm.i'yy KTOjii:^4 tc^-TpM^' ^ 

t^^z.htiK z<7^mm<7ym'^i,zt5\^x\i^ mi(7)nm^ 

y y H« 5 4 fi. mi iz^i^l cOnMi^y y Kfl 1 4 
mm-^ ^ yiy^J^ t ^' 'J r> A ^#tfS{tJ|?5^»#:{f 
*^0T'=5r<. GaNHj:oT^.^fi^?g^T'#. nmco 

lc0pS^^.yK;i5 6{i. mi\.Z7r;^mtmTlOl,Z 

^MWX'mfS.LXi>i:\,^Zbi:,hi}-^tz. .^^.^^^ 

10063] J:mt<tm~t^t. micr>nM^^yy 

izX^ms&^i\^^ Zcr,micr>nm^yyVm5 4ii, 
nMin, Gai.„ N (ZZX\ 0 gw< 1 ) T-jg^-^ 
§^t7&^'i?^Lv\ t-^ri:^^-, Zcom 1 CO nm^ yyh' 
^54<i. llnc.T^-r^^^l0(Ci-:i(t-5Blc;)nM 
9yyYmi4 ^zMLXtm Ltz nmMim^mi^X'^^ 
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0<w^0. 2c^lffiSlrti;ab^. ^l^^n^i^^-y l^'W 
cm3 ~ixl02o/cm3 coliEi!l^(Cj)l> ^ i: *^'M^ 

[0 0 6 4}m5l<Z^-tmtm^5 0l>ZiiK^X. vSliH 

H n 5 6 (i . ^-rti^^ p m.m.im^mwx'm^ t t ^ i 
■th^ttmt.L\^. x^^wm^z\.i.mi<^v^^~7 

<1 ) -C'J^fi£i-SC:fc*^a*LU, 123 0^^^3 0 
tcislt S H 1 p 7 V F ® 3 6 LTfJiS-fl LAiH 

t;S,2,^:fc*WiL<. $ibfc*f*L<ii0^xgO. 

fcl). ::£0^lc73p^^7>y Hil5 6t.PI«t::GaNlC 

mi>. \^M<^M^^-'h. 1 X 1 Vcm3 ~1 X 1 0 
i9/cm3 coKfflrtt-*)^^ t^^'S*'-^"'- ^^^^^ ^ 

YSIiii 1 5 i:c7)-^ftT\ 3 0 O^y/^ 

ii.^w&bxhx\>^:^. zti^mm-tLii. micopM^ 

7r^-t^tim^:^^X'h^d. 
[0 0 6 5] ^2C0pS^7-y KJi4 1{±. m4l,Z7j^-t 
%ym^4 0 icfctt^^ 2 O^' 9 -y K« 4 1 t^oV^Tgi 

[0 0 66] ^/C. Smil . ^^-yyrmi 2. nM3 
y:5'^'bJ113, pS^y^^' bill 7. mm^l 8*3 
J:t/]E«€i 1 9{i, H 1 tc^-f^S^ 1 OtzPaLTiJi 

[ 0 0 6 7 ] ii6ii, ^m(^^s<^mizxh^mii^ 

c7)^S^60{i. nS=J^^^bJil 3i:^1^0nM 
'^y-y HI 5 4 colitis ^ 2cOnS^7 7 ?-'Ji2 lA^ 
itJnffM$tLTV^?>13Mi:, m5iZ^^mM=F5 0t 



{i:. |12Cl^-r^7t»^2 0t3i3lt^ll2c0nS^7'y 

vm2iiz-D\,^xmmLfSM'o<^i:><^Thh> ^fc. ^ 

mzWM t L V ^ ^ 1 1 . H 5 1 ij^-r^S^ 5 0 c7)^ 
-^tmmxhh. J^X±, :*:^BJ^^l£7)LBy®=5r<'^Lm3 

^ i>Mffl -1) - i: <iv ^ 3 t T- 1 =5r V L D cOl«3t 
fi. 0iJ^<fia7t;MlIi: t-C^-r^ii^rt^o 111713 

fcv^T, Ml i±co^#f*:«7 iti. ±mj<-yyrm 

12. nMny^i^ h^l 3. ^1^0nM^7vK«fc 

±i/ffM$ tL/cJi-^<?)ii 2 n mmt^'h^j: h ^mw-mx 
hh. vsttii 1 5^\.zm^SL-^tix\^h^m^mi 2\±. 
±mmi&^iif2^cr>mi(o^y'y vmi5Xx/m2co^ 

y-yfmm/izpm::iyi^:^h l 7il*^^>=5rS^{*:M 
=^1 9l3^f*jE-t-&^J^l ^atm+LTiJitiX^. 

[ 0 0 6 8 ] =2r*5. L Dm^FtrM-^^zii. Jiia^m-? 

1 0^V>L6 0<7)V^-ril*^<7)ISl<7)nSi?7-y h'ili: n 
Mnv^iJ' WMl 3tcr)W\. m2<7ynm.^ y -y YM*^^ 

if^^fix^^h^-^i^ziit. ^<Dm.2<r>vim.9y-/\mtn 
m^y^i^hmi3t(Dmi>z. i5xx/y^fzit±si^ 

*^l 0^V'vL6 0<^C^-rix*^c^^li^pM^5-y FJf 
i;pM3>'^7 bill 7b<^m. |g2i7)pMi?9>y HM 
z&'i^^nrv^^^-^m. -ecOSI2c7)pM^7>y HJl 
nM^^rS'^' hMl 3b<7)miz^ K\^zmfS.(Om^^ 

'j^-ti:< t h 2mm<r>mims^si^mt:mmLx^j:h^m 
m^^mmtLxiB^-i-h^thX't^. 
[00691 meiz^i-^^mi'mmiz±m^m^m 
mtrmmLfzm^msiZTiki-, msiz^-tm^m^mw 

^3^^80{±. nm::iyi^9hmi3bm2cr,nm^ 

y y ¥m2 1 tcomizmico^MicMmm c nm) s i 
ttim2cDpm^y-y)'m4itpm::iy^^hm 

1 7fcOPBlC^2<7)^ii^^tf^ (P^) 8 2S:iii. 

-So 

[ 0 0 7 0 ] ^ 1 C0#J1^8 1 *3 J;t/B2C0^J1^8 2 

'i,-hK\'^zmmmcomti:hm'im^mm. m^mt 

{fA/4n (-I-l-C. AiivSttill 5 7&^/^i^?g«^OjS 

uummm) X'M.ii!,^tlm^x•^mz2mv^±m 
mLxmj^i^tihi^ioxhn. vssiii 5*^i^c7:%« 

^^tL(:>mizi:^miX^hXoizmi^tiX^-^^, IE 
«:S1 9S:S7t;^-f<i:o^J^:|iciOXh7>r7TOi: t 
T^Ji. (fili 1 0 mtXTl-ffM t , l/-- f ^^i^^T^-lt 

.§> . -mm 1 5to^«^^)i^Ks+iitCck Dvsttii 

1 5mzmt:i)!bh:ibi}<X^-'M^^t^<cK>m?><^ 

X\ ^mzU-^mmX-^h, ttz. LED ^-Ht3i3 

K^xh. ^mmmmizx^%^jtiomiif}mti^it. 
[007 1 1 ^m^KMms 1 tsxifa 2i,zii. -iti-i' 
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fc. .liTa:n^3>^;?h;il 3|A|^C?g^-fl.^i:^T' 
8 1 fc- J; tXH 2 0^il3lc^M8 2 C7)V ^m*^^^^Jf& L 
[0 0 73] tti^ SSt^-TctatC. -t:7T^TcOj; 

■r>5:;b-^. mm ic^^m-mmiz^ J:OMU^mzii^ m 
«i 1 (om^m^mt^mmmMziE^ nmmmi9. i 

iz. n MJiffliKc^g^f 1 (o^m^mms nt. n 

Mi 0 i pmm^^h-h±ij{z{mLxmm-i>;itt^ 

1 3 07j<™j;'9i>s«i imizmm-t^t. m2con 
m.9^y h;i2 1 fcn^riv^^h^i 3tcommm<7) 

^\^fzmm^n^\y-mzwHcrmMxhh. 
[0074] ^^M'itmm^ 1 , s2-^mm- 
h 2mm<^mAm^w\i. 'yti:< t i>~:fj^^ 

A t ij A ^^timitW^mt¥ ( ^Ji.{S' I n, G a 
i-,N {ZZX. 0<q<l) ) ^tiUGsi'NXh^Z 

tiimtLw •^j:^ti:hM.-m^mmLx^mm.nm 

t-t^m^^ -e-^Om— ®C0— I nGaN^?t(iGa 
nxmm-h:ib\>ZX^^ ^iOI nGaNt^tfiGaN 

§o C:iX{±. I nGaN®. G a N«OMb^h*^'A 1 Ga 

^m^mm^mL\m\HzA i aj^ioM^ri) a i 

GaNMtiK). ^Ji.<f|g^/P0. 5jJimVJ±ttci>X 

o\:z^mjBm-ht, ^mm^^z-^^yc^-h^x^. m=f- 
[0075] ^^mmmm^^^m-h 2m^.£om-m 

He Ga,.c NtAc«iGaNT«L. 

A 1^ Ga,.,: N (Z;iX\ Ogc<l ) ) 
T'm-ri>icO$)|,. In, Ga,-, N^Al, Ga,. 



c ^biimiffm<r>m:^^±n\.-^c7)x\ zti^iom^x^m 
ytmm^m&-ri>ztizj:^^ ^mi^^izmtxm 

n, Ga,., ^:b^'y^-/yrmtLXi^mLm6t:ib. A 
Ic Ga,., NJit^'5-y^*iA-l.^i:^r< 1 OSi^JLh 
nm-t^Ztti^X'^h, =5r^o. I nN. GaN. ioJiX/ 
A ] NcOStff^JJ:. ^Mtl. 2. 9. 2. 5. t5j:l/ 
2. 15X'h^. ^tih<7)M^BC7)mmmii^:^'~ Kioa 

wnzmotm^L. mmzitm-t^ hcot lx^^^^z 

tifiX'^jt,. 

[ 0 0 7 6 ] 119 fi. :^^mcDmA:a)m'mi>z i ^mim 
^^^^^M'¥-<7>-mu(^mm^^-tWi^mmmxh ^ 

X. LDS^h LTcD^jt^^-r. 
[0077] 119 ^<t!H3^^f*:^3^»^9 

S^tif^¥»<^^«9 4feJ;t/pSg«^®frM9 6;&^^ 

^N'>y:7TJi9 2i5 j:t/nM3>^^ h;i9 3 ^:f>LT 
S«9 l±t3^(t/^iXTl^^, 

[0078] ?S14M9 5{i. HI {C^-r^f!t:3^S^ 
1 O^^feft^vg-fSJil 5i:|ll^. ^y-J^j.tyfV'yj. 

[0079] pmm^m^mwm96i±. 'is^m9 sco 
^2<7)±m^zm.m^LxmfS.^tltlm i c^pm^^-y k 

€ 9 6 a*> ilf ^cr>m 1 c^pM^ 9 v Kifg 6 3.±l,zm 
^^fltim2cr)pm^^-y K«9 6b^#tf, 
[0080]^l£DpMi77<yFM9 6ali. 

A i 'J -^i. ^-irtf p m&^m^mi^xmf^^tLX \ ^ 

i>. mi<^pS^^>y Kjl9 6a^7';P5:^»>At;e?iJ 

'y^^^tsm-im^m^x'mm.-r^b. A^^pmm^ 

:^=5ri,cOi:^0. Z<D^dizmiCDpm^y y }^m9 5 

[0081 ] micOp^^'^ y KM96a{i. pMA 1 
d Ga,.d N (C^-c, 0<d<l ) T«^^it*^' 
Si^SLl^ Al GaNJiJS^A-'Jr^t^cT^pgycTJi, 

(T^m^hti^-rK . Lt-i> 1 n G aN^n-^-thmm 

9 5 ic^ L . /<y K^^ -y y^is J: v^'miffm^^ . ffico 

±. P^A 1 GaN{i, imm-itm^mzjtKx . m 
mt-z^muz<ut V > a m^^t lt^s o . 

<i^mm^axe^^i^^;l.gg^^ (MOVPES) {CJ; 
K)Zh^^:^^^^m. TLHfft7)vgt4Ji9 50I nGaN 

9 5$-*^ett^ i.^xm.mi'cTyijiJj^j^^^^;^-^ 
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[0082] ^IcOpSi^'^'y KJi96 a}i. 1 0:^y 

7 V F ® S ^ 7 V ;7 A D ^-r < =5rl> fziib . m^i'^ 
B£)&^-|flL<^l>P.[^t^^^. micopm^y-y FM9 6 

[0 0 83] mii^pMi5'7-yb'/i9 6 a{J:. LEDS 
i i: AWIl L I. , mz L D m=F<7)^^l,Zit . 1 0 0 :t 

<7)i^tct5V^T. mi'^pM^^-y Hil9 6a{i:. 10 

[0 0 84] mi^pM^9-y F;i9 6 aitCiStf^iX 
SB2c7)pM^^-y F«9 6b{i. mi<?>pS^7-y H 
Jl 9 6 a J: 0 1 ^N' y H=3r A-y r;&>:^^ < . T/l^ 5 A 
fc;S"U'!rA^^tfpMS-fkW^#:-C'JgJiS;$*I^. 
Xd^j:pW^t^^mmzXK)^2<7)pm^y^yVm9 
6 b ^Jg^-r-S. i J: 0 . 2CD^yy mtf^^ 

m\:^'^mtLx^^mzi^mL. ^^^^stlds^^st 

[0 08 5] m2cr)pM:7 7-y F/i9 6 bt. mi^7)p 
7 -y Hil 9 6 aiOii-^fc 'J TM^O 

UGai-e N (^^-t% 0<e<l ) T-J^RK-rS-i: 
*-'fti,lfftLV^o jDi.T. ^2i0pMi?7-yKii9 6b 

{i. zii^pmAiGaNX'm!^-ti>t. w>i(opm^ 

F)i9 6bi±. ^i(;)p^^'9>y Fii9 SaiOt^^:/ 

K^^-yrA^:;'c#v^cof . mm. m^^^f^i'^Ai 

[0 0 86] ||2c0pM^7-yH'i9 6b{i. ^<7>m^ 
t^t^3{|l]|Sii^V^7!)^. 5 0 0 :ty^'^ b a— i^^V^ L 1 

9>yFii^^<7)J;o'5:Ji$l::ffMi'l.ii:t::J:0. ^fi 
m^z-m^ ^ 7 -y ^ C0^j&^- J: D iJ'-"^ < > t^-^ 

m^i: 0 ^if?T\ lt:)^^ 1^=^ -V u r?ffi^co p ma i g a 



[0 08 7] ^fc. ^lOpMi^^-y F;19 6a*3j;t/ 
W.2cr)pM9y-/YM9bhli. \^'ffih. ixl0>7 
-Ixi0i9/cm3 fcV^^^^A'>JT^a^ar^^-r•S>^ 

[0088] tfz. W.l<^P^9y-/YM9e3.t%2 
a^pm.9=y-/Y9ebmh<Dmi^Z. pMI nGaNi/i 
{ipSGaNct 0=5r-^«^l 0^y^^"XhO-A;(>>A> 1 

[0089 ] vSt±J19 5cr)|^l(0Mt-J^L-C^tt<^fL 
-CV^I>nM^9-yF)i94{i, V^-Ttl^c^n^MW^ 

>y Fl 9 4 {i. S^B^att^U LT?^B!c$ 
n#-S>::i:3{)^^>. GaN. Al GaN. InGaN^cO 
-TcM^B. ZTcM^BtoM-fliil^l^^W^t-J^fiit-t- ?. i i; 

ilti^I nGaN*/i{±GaNtJ:'9 nMi5':7-y 

Ffl9 4&?gfiK-r^^fct=J;'9s ^<^±t=J: o-m^f 

mz^}L-f^. 

[0090] nS^9>yF)194ii. LD«^cO^-^fc 

{i . 10 0^ y i^:^ F D-Aiy± . 1 fji mvXT<r>mm.X' 

[009 1 ] mi9ii,±. mi\>z^<twm'fi oi^fc 
tti.^1 \bmm.(^i.<7)X'h^. »«i itco^^To 
mMmti^^<7ymsL9 i tcov^-c i^-e^^i^ iiiffl-c^ 
^„ 

[0092] ^iK9 2±l::ffM$ix'rv^-5,^^y:7TJi9 
2 1 . HI t::^-r^3fe*^ 1 0 ^^^J^t'&^^'■y 7 rM 1 2 
t t c7)X'S> 0 , ^N' -y 7 r Ji 1 2 fcov \X(n±Mm. 
mifi ^(ryj^^yy tMI 2\,z-^\^Xi>^<^t.tmmX'% 
h . mw\<r>^^:Z\t. CLcoys'-y :7 rii 9 2 S:«-r^ .1 

}iii^x'^t^hhnmx'hi>, 

[ 0 0 9 3 ] v^^y 7 r ;i9 2±t^fS(t^iX-CV^|, nM^ 
y^i7F^93t,,lll 1 0 tCBJt^ n 

m^y^<^^mi3hnmcoh<r>x'h^. nm^y^^ 
vmi3^z-:>\^x(7)±Mmm^^<onm-3y^'^vm9 

3 V^T h^<r>t^^mx-^ l> . 
[0 0 94 ] ^2(7;pM^7-y F«9 6b±l2^{t'otL 

Tv^^pM3y5'^?FJi9 7iL. El 1 {c^-r^T^S^ t= 
B(t-i)pM3y:?;?'FH ThlRl^i^^'^t'fcO. pM 
3y:?i7Fiil7t:ov^T <7)±i5!JiBfl7&>' ^ ct) p M y 

F Ji 9 7 toi- t -?-<?5S 1 , 
[009 5] n^rjy:?^ FM9 3c7)^!±5^1it:B)?£$ 

m^i 1 8 i: ^1«<7)=t>c7)-c-$) 0 . -mM. l S tov^rcOJi 
[00 96] pM3y^:^F;i9 7WgigELT^{t'^>ix 

x\^hiLnM9 9h. mi\>z^^-f%=9m=f-^zii\ihiEM 
mi9}imm.coi,<r)X'h'o. lEmmi 9^:ov^r<7)±is 



0. iE«^9 9ii. z<7)^,mmmio ocomi o o 
[0 0 9 7] ^^mcomAcommiz-D^^x . m9 

{^WL, ^tLXLDm^^z-:>\.^xmmLfz:bK LED 

«9 6b?:^B^-rS^t{,T'#S, LED*^ 
nMi?9-y H^9 4<^»i L^W^Jil 0 
:t>if'Xhn-AaJi. 1. O/zmOT. $/i,t=*F^L 
<{i3 0^>^^Xhu-A:5rl^Ll. 0/imt^O. * 
S </ ^{i i CO n M^' 5 >y Kil 9 4 g#^Mt-|> .1 1 ^> T- 
^l>, nMi^5-y HJl 9 4^^01 L:^^-^. n Mr? y^J' 
^h«9 3*^'^'7'yK;it LTf^fflLtf^. LEDS^ 
(O^^ m9iZ^s^mzi5i^X. nm^^'y]im94 
SrWL. *^o|l2<7)p^:^^>yK«9 6b^*-iSL. 

>f (7)11 2 <7)±M±{3r /l^ 5::^'^i^i:;yUT^A^-i-tj>pS 

m-ftm^mi^m^m^^ii. zcDpmm-im^^mi^±iz 

i-\>^LEDm=Fmmx$)^. :^mM<^mi icd 
mmiz J: 6 m^tm^m»^m=irizm ^^-^ , 

[0 0 98] 01 o{i. ^^Bfi(7)m5<7)(mizihm'(t 
'^^^i^^mi'<7)~mm<^mm^m'tm^mmmx'h 
^x. m9tmm. LD^-^ttToM^^-r. 

[ 0 0 9 9 ] 01 0 tz^i-m^m^mf^%ytm=F2 o o 
ji. m^m9 5^ Mmc^stt«9 5^miTmr'l/^^ 
n Ms-ftif^^^fzis;! 2 9 4 J; t/ p mM-fm^mwm 2 
9 6 ^ ^^r-r ^ , c (o^mmm 

mma. ^^•yyrm9 2i5XX/nm-:iyi?9hm9 3^ 

iTLx. m^9i^Li<zmnhivz\^^. 
[0100] nmmim^^wm 2 9 4 (i. 9 5 

1 LXm^^tltzm 1 CO nM;? 7 V 

2 9 4 afe iy^c;)^ 1 c7)n^^ 9 >y HJi 2 9 4 a 
±f-«$:;x;tll 2 C7) n M^' 7 -/ K/1 9 6 b ^%ts, 

[0 1 01 ] ^l<7)nM^^-y h'^2 9 4a(i, n^G 
a N ^ fz\i^ yi^^J^t:^'^J^M.i^tSn mMim^M 
Wxm&^nx\>^^. micr)nmi^^-y]<m294a^ 

GaNt fzii-( V'j^h. 1 7y 'J ^^tsmn^^mm 
vmm-h t . A^^wmmmzT^+'^xh o vstt 

m9 5'pcr,^mtj2^tiJ:^^^^j:i,<7)t^j:y) ^ Z<7)J: 
Oizmi<r)nm:^yvVm294aii^ Vgtt;i9 5 4^(3 



4t^¥9-3 64 3 0 

(Lom^com^) m-ox^^<. ^i^i^on^^^ 

$il^?S14a9 5ti7 5-y^£0^4fe^ii.-/i:< ^-tf ^ 
f0l02]mic7)nS!;?7>/H«294b{i. In, 

Gaj., N {^^x\ o<r<i ) X'mm.-r ^ z tjbm 

fiO. 3iX\ ^(.izntLKiiO. 2tXC7)m^t 
io^h. Ixi0>8/cm3 ^ixiO20/cin3 T'S>§ 
[0 1 03] ||l<7)nM^'7-yHM2 94a{i. 10^ 
lC0nS^:7>y h-;i2 9 4a(i. l O^V^'^ho-A 

mK^m^ izmm-t z t (c- j: o . vstt/i 9 5 ^ i.:i.f^ 

^■l>^2c7)nM^5>y KM 2 9 4 b (7DrHli7)y\'>/ ^ r « 
M^yy}'m2 9 4a^mm-h I nGaN^TtJiGa 

N{i. ^(n^^a^^tm6^m^t^\.^cox\ m2<7ynm^y 

•y Kii2 9 4 b i:^S'(4^2 3 t<r,mc7)m^^^^^}^ 

^^^yyTmtLxxKf^mmz^m 

tfOT'?>-oT^. -'^mi£0nS^7-yK«2 9 4aC0# 
^^^=J;0. ?gtt^9 5. ^20nM^9vKJl2 9 4 
b . lAV fi p Mi? ^ V Kig 2 9 6 5 -y t<X D 
<<^'9. -eii^coMH^Btt;6^-^|ff^i,ot=5r|,c7)T- ^ 

[0 1 04] ^l£^nM^9>yh'M2 94a{i. LED 

L\,-^t\ Wizi^Dm^Fi^m^Ut. 1 0 Oyi-yt^Xhxj 

--^KLtm^^^-t^zttmizitftuK ^cz)m^^ 
1 0 o:t>'^'x hvi~j^^mxhht . vmb l 

[0 105] tfc. Ml«7)nMi?^-y 94aii 

^^Tticr,m^x{>. 1. o^mj.:j(T<7);?:$^:t-rs^t 

^B^B<7)fe*^att^^=^^ i: ^ t . ^iccof -y N^i^B^ 
^iz^-ri>mmzh*). ^<r^fz^^ ittfi:'jcoLED 

[0 106] ^lc7)nMi?9-y F«2 94a(.c:tgLTfS 
ft^ilTO^M2c7)nM^5 y K®2 94b<i, ^n':^K 
.y r*^^ 1 c7)nMi? 7 -y K« 2 9 4 a J: 0 ^j- 

fi\f^^^h.<n^m.\m^MwxwM\^xhi.< . mm. 

GaN. A 1 GaN^(7)-7alB^B. H7U?ftD«aC7)M^[i5^i|i 

mmzxom2(7)nm^-y-/ }^m2 9 4b^mfSrt^z 
tizXK). mm2cDnm^y-yh'm2 9 4bMmt 
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[0 1 07] l^2^0nM^5-y HJi29 4b{±. nSA 
U Gai-f N {ZZX\ 0<f<l) 
A-'ftt^filLV^. nMAlGaNti. InGaNlr-a-ir 

mi '^(^mm^Mmz.^ic^x , < t-^ i>*^ ^^-c- 

a^A^A*. 0. 6^-tc73ffil:i:^-i:*^«^^t<. 0. 
3 ~ixl0iVcm3 i:*W*tV^. ^fz^ 

[0 108] ||2c^nM:77>yH«2 9 4b{±, -t^OJ? 
1. 0/zmmTO)¥$*W-r?.ii:*^W*U^. m2cO 

9 HJi2 9 4 b ^ i cDmmff^<7)m^i'zmfS.-t& 

ZtlzX-^X. 7 "/ ^ 3&^:5r V ^igH^HlitOit^l^-l^ 2 O n 

7 -y Hfl 2 9 4 b :i?q#^>iX-&<^'C^^) I. o 
[0109] VS14S9 5c7)^2<7)±®t::tlfL-ClStt'?>^t 

ifih pM^ 7 V FJi 2 9 6 IS. M^attA^'J: D-Mn 
/cJli:L-C?^fi£$fL#^-i;*^'i>. pMAlGaNT'Jg 
mi-hZ.tmtL^\ pSAlGaNli. fte^^S-fk?^ 

(MOVPE?£) icJcOCin^fiic^^^SI^^ Tfi^OvS 
't4fl9 5<7)I nGaNcO^M^lfPSIIL. -e^^'^l^^ L-*^ 

^^^31^ 9 0 tci5ft-l>^ 1 P^^ 9 -y KH 9 6 a t3 j; 
Ufm2cOpS^^-y b'19 ebti-ov^tif^L^-^i: L:^^ 

[0 110] pM^9>y Fii2 9 6{±. LD^^c?)*!-^ 
tcii, 1 oo^y^Ahn-AlJJLh. l;^mmT(7)M» 

x'mm-hziit,mt.L^^. 

[0111] V£ttli9 5. ^M9 1 . mm lUZT^fll 
$ilTV^I>^^y7TJi9 2. ^^y7T;i9 2±t:f5tt^> 
ilTVM>nSrjy^^>J19 3. $A,tc{±pMrjy^^ 
bJi9 7. m«fi598, jEm®9 9i5cI;l/«»ili*^iil 

0 0 {± . EI 9 \,z^^^m=i-^zm Lxtm Lfzn '-)<r)h 

<7)X'hi>. _ 
[0 112] $-C, :*;^B3<7)^5c7DlW:oV^T. Hi 



\\ tfz. LEDm^<7)m^l>Zl,i.. ^2c7)nM^9vK 

m2 9 4h^:'Mm-r^^thX'^h. ^com^. nma 
yjr'^Ym9 3¥W>2<^r\m.9'y -v K/lt LT^^ffii" 

[0 1 1 3 ] HI Iti. 3t:^B3c7)m6cDLWt::j:l>M-fl: 

o-C. |119t5j;t/1110i:|Sl«l, LD^^fc LT^T^mit 

[ 0 1 1 4 ] n 1 1 \.z9f^-fmim^MWWtm=^3 o o 

(i vSttB 9 5 . MT/lCvS-tiJl 9 5 s:M^i■c•■^'?^•C'»'^?> 

n SM^bflO^iSf^^M 2 9 4 jS J: P MM-fbft#^#^i 9 
mi. f^-;yrm92iiX-Lfnm^y9^Vm93^it 

Lx.mi9\±.\zm^^fix^^h. 

[01151011 \.Zfr^^mMl-3 0 0 {±. nM-fk 
!ftii£^frJltov^T{i:lll 0\,z^^^mM=F2 0 Ot3i5 
Jt2.nm^l:!ll!l^<*:e2 9 4 1 <7)nM:J' 9 -y l^M 
2 94 a*3j;t/m2<0nSi7 7'y Kl 2 9 4 b^^fb'S: 

^) p^{t!tD^^f!|sjiiiov^-r{±ii9(=7K-r^ 

S-?9 0tCt3tt-S.pMaMl!I^^^*li9 6 (^lt7)pS 
^ 9 -y KJl 9 6 a*3 it/"^2fi0pMi? 7 K«9 6 b A- 

^ife^oMco-or^?)-?.. ^mwm^<n\mmmz-y 
K^x\i. mz'LB.Dm=F(r)^^z^^Wi%hmim^ 
{ifMn ct v^mz LED m^(n^^<7)mm'^mwm(^w 
^\,z-^\^x<D±Mm-^isiibx. 1119*5*1/1111 o\,zm 
hxmmhfz:Lb-ffi^<^tt.mmx'^ . ffisSr^u^ 

hfl9 3&n^GaNt\ ||2c^nMiJ' 5 -y H^2 
94b^nMAl GaNT\ ^l^OnM^^v HJi29 
4 aSrnSI n G aN tfvlfinSG a NT'. ^l<^pS 
^y-/ FJ19 6a$rpSA 1 GaNT\ ^2<^vM^^ 
.yFli96b^pMAlGaN-C. pM=fy^^b)l9 
7 ^ p MG a N-C-enmJf^fK L . ^SttJl 9 5 S: 7 ^ F 

^■yYm29A a.ii'^itii^ I^2<7)^ 9 -v Kii2 9 

4 bj&^TtW tiia^ii. ^ 1 cr)pS;? 7 -y h'il 9 6 a;&>'3^ 
;(7-f h'M. ^2<7)pM:79v HJi96b:*^"3l£RBtii*^« 

5 -y H/19 6 a fc^2£0pM^ ^ 'y K/19 6 b iiCOl^ 
\Z pMI nGaN^f^lipMGaNiO'Srl.ii^r^^'-y 

fcl|2c7)nM:5'7-yKil2 94bi:C0rp1t. nSInG 
a N i '9^'■&ii^>'^'^y :7 r Hi: t-Cff^jSbt 
[0116] 3|!:^H3c;)|g7cO(|ilffiHJ:tL{S\ n^^tit^!) 
^^m-Wm h P Sg-fk!f4!l¥#f*il <^T^^^ ^ >' ^ ^' 



(16) 
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CO 1 1 7] ^(omicommizxh^m^u. s^t^&t, 
t^fi . m 9 iZTj^-tmtm^ 9 0 comm^^ 2 p s 

7 •/ KM 9 6 b r#i&L:^c#SiJc7)±i^^zf5^-r&. 

^c^V^-ril;&^^^BStTtJ:< (nM;?5vFJ1^9 4 
^WL;t:ii-^. nM3>':5'^h;i9 3 5&inS^5.y F 

J 0 :i 1 8 J $ ^>{c^/c. i (om^icT^m-^ui. EI 9 

^t-^7^«-? 9 0 tfcft-Sm 2 c7)p 7 .y K« 9 6 b 

>'^^^t//v^j.t^:^tspmm<m^mi^ (Mtt 

<i±. I nGaN) X'mSZ't^Zti!}^X'^^ ^^ItoV^ 
T{±. d 1 tc^f 1 0 izislf^ nm^^ y K/f 

14JCOV^TcDigB^*<aifflT'^^. ^t^l,Z±fz. ®9tC 
7i^-r^3tm^ 9 0 {C:fe*tS n 9 -y KM 9 4 (Zffi ^-r 
^nM:5'^-yKM (^liOnM¥#«^Ji) tJfLT. ^ 
5ri5-^^ 1 £7) n^;J' ^ .y H;i 9 4 n^a^^^ f> jg 9 

t^#tfm2<^nSg^t!Hg^^^ (^^ L<(i. A 1 G 

aN) S-iStt^^fct,$f^Lv\ ^t7)±i-^(::^^,-^j^^ 
|m2<7)nS^ 7 -y Kjl2 1 toUTcOfMWilfflT'^ 
[ 0 1 1 9 ] 01 2{i.- «s^<7)^80fI|®(;J;?,Sft 

v^^. HI 2iOM?lg^<*^5if^^Ji. JilTi*^^-!.^ 
lcOpM^7-yK«^^<t. laetlWLTSiHJLTt!^ 

[01203012 {Z7v^^mim^mwmm=FA o o 
ii. ^s^4ii4 0 5Sr^gi., ^«^mic7)^®±tz{i, 

£7)nM^:7-y KM4 14. m2cOnM;?7 v Kii4 24 
fcit/nM^^-^^ 0 3^-g-tfnM4^i^c«*^|§ 

Ji. ^lCDpm^^'/Vm4 1 6. .^2c7)p^i:'9.y H 
M4 2 6. mSOpM^^.y Fji43 6. tyXX/mnm 

t Lx<7)pm^y-^9 hMA oi^^tspmmtw^m 

jtT'(i. J^'yyTm402t:^LX. ^fi^4 0 1±iziS 
[0121] ^gtta405(i. ^yi^^M.t:ffU^2^t 



-riOJr^JSr^tov^Tfi. Hlfc^-T^^^l 

ocomiimi 5izmLxmmLti^ti><t^x^cott 

[0122] •iSm4 0 5C7)^1 OiffitJf LT^tt4> 
rLX^^hmi<7>nm^^y KM4 1 4«i3fe75,V KMi: L 

^-ft:W#*Sjt{in^GaNT'm$^IT(.^S, J; 

-'Tj^liOnM^^v Kil5 4{i, nM 
In, Ga,., N (^ZX. "0Sy<l ) XBS^^^tl 

1 1'ZTj.-t^yem^F 1 0 (:fe{t-5m icOnMi^y^ymi 

4 izmLxmrnvtinmi n g a Nxmm-^z t i>x 

^SL. nmCaNxm^-t^Zti^X^^h. miiZyjk 
■t^mi'l 0(Cfc{t^miC0nM^^-yKMl4tK 

triiHjL;t]s*i:i5i«c7)ai;e,./i,^ y(7)mi osy 

^0. 5i7)^HF^t^>^-t;&iSfSL<, $^>^cifSL 
<{iO<ygO. 3, S^.jffiL<{iO<ygO. 2^ 
i5ffll^(C$>§» micr,nm^^^y\^m4 14c7)^^Ur 
iRl^tOfl^^i)^^. ixiois/cms —1X1 
O20/cm3 ^DOTl*I^C^5^^t;&^a^LV^, ^lOn 

:7 -y Kii4 1 4 fe . ^CDM^ izmzmmii^j:\,^t^ 

vSttill5t^lc7)nM^9vKM4 
14i:{±. ^H-T\ 3 0 0^>^XKn-AJil±coJ¥§ 

C0123]^lOnM^7.y }^m±izmif ^tlXi^:^ 
m2c7)nM^7'yKM4 24<d. 3KSgtii*^Mi: LT# 
ffl^^ i^OT-* 0 . B 1 On^^ 7 -y Kil4 1 4 J; 

S-^tf nMS-fliil^J^^flci/cJi: nMG aNXB^^tl 
TV^|>. <l£0J:a^m2<7>n^^5>yKM4 24^|g(t 
^>lttCj:oT. miajnmi^^-ym4 14tcomcr> 

[0 1 24] ZC0m2C0nm^^-ym4 2 4ii. nM 
Al, Gai., N (^CT'. 0<g<l) T«-r^:^ 

*^*f t L I \ A 1 G a N{i^cr)^B^B;^,.'i:t^6^5g< q 
6 J; 0;*:^ t . m 1 ^0 n S;;^ 5 .y KM4 1 4c7).i?^E{z 

^lHtl^i&T^^hm\hizh^^^^X$>^. g 
(iii. 0<ggo. 4co^mmz$ih^t^mi,MtL 

[0 1 25] i/c. m2<7)nM^7-y KM4 2 4^^-^^ 
VTi^mii. 5X1 OiVcm3 -^1X1 0'9/cm3 

X10'7/cm3 iOi^iSl^t, #iCA]GaNi73jgJjt 



(17) 



^tPjS^9-3 64 3 0 



[0 1 26] ^2t?)nM^7>/b'«4 2 4{i. ia^. 5 

[0 127] nn^mWm<^^^\-M (vSttiiA^'^ft^^Wi 

m 2 CO nS^J' 9 -v Jl 4 2 4 LTJgpK^ ixT I. ) 
n^3y^i?ba403{i:. n^GaN T-ff^^ il t V ^ 
. 12 1 ^^S^^ 1 0 t=*3(tl> n^rJ y iS' ^ h/l 1 3 
^ nS G a N -CJ^B^^i. ^ 1 1 ^ t Lt^S* J: |31 

m<^m^ii^^. nM3y^^bJ14 0 3(±. nMGaN 

^-r^T^^^^ 1 0 tcfctt-g. nS3V^^VJ113 co^-^ 

[0 128] vSttjl4 0 5^O^2<^±®t^^L'tmit'b 
tLTV^^IglC0pM^7-yH^4 16{i. ^Y-yr^^ 

mt^fctt-Smi^P^^^-v KJii:l5l«t^vS14®^^^"» 

2>, ^c7)igic7)pM^7vFii4i6{S, r;w$-'>A 

ico i 0 1 c=OpM:^ ^ -y Fm4 1 6 Sr^ttl. ^ 

*[o'l°2 9] rcomiiOpS^^-y b'il4 1 6^. if^ 
t<(i:, pMAlh Gai-h N (i^T', 0<h<l) 

0 6C0lEBlF^t=*>-&-i:«*'-^'- ^^^'^"^ 
h-fitfi. 0<hg0. 4coiESlrtt-?)^^fc*'**^ 

[0 130] ^T^c. mii^p^^9vF;i4 i ec^)^^ 

';rvg;^{i:. lxl0iVcm3 ~lxl0iVcm3 

Xl0'7/cm3 iOi^iav^i:, vStt«4 0 5^c^iETL 

^tOdr^UT?gJg*nxlOiVcm3 J;Oi>.t> 
V^h A 1 GaN^7)M^Bt45&^'®<=Sr'9^S!}^*^W-ri. 

[0131] miiOpSi^^'y H®4 1 eti, jM*. 5 

[0 132] IglcOpS^^ 'y Fii4 1 6±t;H5tt^ix 
TV^-g>^2c0pM:77-/I'J14 2 6{i, b'iihL 



?if2t:S^^{i:pSGaNT'J^fS$iirc^-2., J: O:^^^^^- 
(i ^l<7)pM:?'^v F/14 1 6(i. pMI Ga 
1 N 0gz<l ) T«-r^-i:*'"S*L, 

[13i0^3fe^^3 Otzi3(t2.^1^0pS;^^ -/ F« 

O^z^O. 5i73iESlI*ll;J)^'^tW^L<, S'^t- 
»iL<{i:Ogz^O. 3^0liffll^. :gt.|if* L<{iO 

Jg4 1 6t>Pl«t-GaNC:J;D?fMt-C{>V%«jV-^v^ 

V b'»4 1 6 c?)^-^ 'J Tii^^ . |3l#«?)JlA*^'^ . 1 X 
10iVcm3 ~l X 1 Oi9/cm3 c7)iESl[^t-$>&^ 
fcA^aiH'-^, $A>l;i, mi^0^7>y Kil4 1 6<^J?$ 

C7)-^l+-C, 3 0 0:tyi5^^M='-Al.:JLhiOJS$SrW-ri. 

[0 1 33] ^2c7)pSiJ'^ y K«4 26±t^^ft'^tt 
rv^'&^3c0pMrJ'9vb'Ii4 3 6t4. afcRflta^^ii: 
LT#fflL, ^2c7)pM^^-y FJ14 2 6J:i9ii>'^'>'F 
>y r*^"^t < . *-or;^S-^Ai:;^-'J -^i^Sr-irtf 

p m.(rym\.wmm:im.^f^x \^h. >r i 3 

(OpS^9«y Kil4 3 6^mitl>.Ii:tcJ:':>T, ni<r> 

pm^y-y H«4 2 6 tcomco^-^y}"^^ -yrm^zk^ 
[0 134] zcom3<7)pm:^y -y "pm^s 6ii. nt 

U<ii, P^Ali Gai-i N (Z:iX\ 0<i<l) 
T-ffM^ni.. -^0^^t3«V^-r, i<^mii. 0<iS 
0 6<0$Effll^t3^)l.it7&^W*LV^. Al GaNti^ 

<y^:&^i:tW^*L^-r<=5r'9. ^3ldtti::^l2r1KT$-y:?. 
fSlS]tS>^;&^/^>T-Si-S>. bfifi, 0<bgO. 4C0$EH 

[0 1 35] i:^^. ^3c0pS^7>yKJ14 3 6C0^-r 
'jr?i^{i. lXlOi7/cm3 ~lXlOi9/cm3 

Xl0iVcm3 J;Oi.®<'>i. vS'l4«4 0 5^<7)IEfL 

>e^7)^-YUriSJg*nxi oi9/cm3 X^i>m 
A-^^T^I), ^30pM;^9-y b'ii4 3 6{i. 5 

[0136] pSWfrJiiOit^^hii (v5«4 0 ^-h-io 

m.hmxx^mm) i:U-c«$i^-cv^i. (1112 

Tii, ^3cOpM;5'7>/FJi4 3 6tct#trf5^(t<^ixT 
l^S) pS3y^'^V^4 0 7(i. pSGaNT-«$ 
i^-CV^i,, E11C7)^«^1 Ot^fctt^pM^^tJ^^l- 
Ji 1 7/^ P a Nf«-ri. ^ t V^^ LfcS 



( IS) 



#13^9-3 643 0 



G a N . ^(7)i&<mtif^ ^ \) rmkii. 

[0 1 3 7]S^40 1, ^N'>y:7T«4 0 2. mm^4 
0 S t! J: t/jES@ 4 0 9 (i . ^Mti. m 1 

1 0 ti^ft^S^ 1 1 , ^N' V :7 r ;i 1 2 . l 

t^. mii4 4 0a ^^■ti>mmmmm 4 4 o to 

V^Ti. ia9t7K-t^«i^90tZi3(t5«g^^^^«l 

0 0 iZO I, ^T ijJBJ Lfca 0 <7) ^ c7)-t'S> 4 . 

[0138] *%BJc7)^90{il®tzJ:^i{f , m 1 it;^- 

vSttMc^m 2 cD±m±izm-f ^^titi p sM-fi:w»«s® 

^^^_^^^<r>m2co±mi>zmLxm^^fi. *-ot;u 
5 _ A ^: .J A ^ ^tf p i 0 =5r -S m 

lc7)p^Ji^ i>J:l/^lc7)p^(cfgLTfS(t4>ix/c 
pMGaNJ: •9^|.m2cOpS/IS:^tf<rfc^#|gt^-r 

I'ZXh ^%m=f-\i . n 9 i.z^^^mi' 9 0 <7)^it ^ 

m2cr)p^^^y H®9 6ba:nS;?9<y K;19 4^^- 
D&L. Ji'^OpMny^^i^hjigy^p^GaNT'JgjSL 

9 3 L < <i nMG a NT'?FMt-|. ^1 1 

[ 0 1 3 9 ] 121 1 3{i. fi^#F^itc7)vg'|±McO#F;i 

I. i 3 tc. ^mmm.im^mw%^i-{,zmi- 

[ 0 1 4 0 3 ^^r. ^^mc^mi ocommizxtm 
nmrn^is^mi^mt PWitwmi^mb<Dmiz^ y 



_[ 0 1 4 1 J miAii. ^mM=^^-pmm<^'^^cnn 

( mm)^ t mmm<Dm $ t c^mi^ ^ iiii'^^t: ^ ^ ^ 

'ismcommmcDm^ ^ 1 5 o^^^^j^l ^o-i^OTtz 
t^h. nm.m<7^m^tin oo^^^-^Ho-AjitTi:^ 

i¥^m=^^z-Duxnm.^ tvrzut- 0 t-^ < . < 

[oi42]iii5{i. ii9(3.T^-riiittz^m^^Mii 

t<^mmt:7Kti^^yx'hh. mi sa. x ^^.wm^z 
a. ia9t^-r^ig{:fc^.-c. ^yT^TmwL9 i±fc 

GaNA.y7rfl9 2^:rhLTnSGaN3>'^^h^ 
9 3$-4//mc7)JI$(c^ nMlnGaN^7-yH;i94 
2: 5 0 O^y^:^ y u-Ao^m^ {c. m-«^#F^at 
c7) I n G a NVS14J1 9 5 ^ 2 0 ^ V-^T-X h n-AC0iP$ 
t^mU, ^cO±{:mic7)pMA I GaN;7 7vF;i9 
6a?:ff$^^^XffML. $ A>{;'?-0Ji{;m2 0pM 
Al GaN^5vK«96b^0. 1 mCO;S$(C?gj|g 
PMGaNr7>'^^^fl9 7^l^n^^J5^f,^^^ 

[0143]|115{-^i~tJ:dtC.micOpM:^'9'/K 
^ 9 6 atOJ??;i,U m J; 0 < ^1, ^: ^3tttjm% 

l<^pM^7-y HM9 6a(Z;?7>y^;&iA0. S^^T)^ 

ED*^<7)^{C(±. miCOp^J^^-^Kflgg^^^jg 

$mO^>'^XM:?-A (0. 00 1/.m)i,:JLh 1 
fSjfi. ^l^^P^i^'^-yKjl^A 1 GaNT'm-r-g.:^!!: 

•/ K/I<7Jif ^ LlW$;?>U 0 0^y^'xha-j,i.:)±x' ' 

[0 1 44 ] Ell 6{i, HI 0fz.T^t1f^t(3^(a-tl>^S 
m^O^^^JzoV^T. miOnSi?7>y K«2 94a 



( 19) 



1 ±t;iG a N^^ -y :7 T « 9 2 ^:n- LT n a N 3 y ^ 
^}.m9 3^4jJLm<7)m^^Z. m2C0nMA 1 GaN^ 
7>y Kii294bS-0. 1 ju m<7)m^ l/ZB^L- . ^ I <^ 
nmi nGaN^^-/ HJ12 9 4 aSrif $?r^^X.TffM 

^^jtC-etOil^. #-fi^#F*S3tc7D I nGaNvg 
14J19 5^2 0:tyi5''"^-^O--^<7-5W$t-. pMA 1 G 
aNi?7vb'J12 9 6 5:0. 1 ^tm t::?^fiS;L. :t 

9 8 SrffML . 1 0 0 $-iS(tl> ^ i: ^< 

IE«@ 9 9 L/i L E D V ^TiO OTib 

[0 1 4 5] m 6i}-^hhi}^^XoiZ. ^lc7)nM^'9 

•y k;i 2 9 4 a *n ;u m i 0 i> /? < 'Sr I. ^^em 

-y KM 2 9 4 a g<*cc7)^S^ttA^'^< 0 , Mtim^t^ 
i0nM;?5-yKii29 4a iOiP^ 3 0 b n- 
CiXfil nGaNj;0^l.^l'^nM^7-y Fa2 

3 0^ vyy^ h zi-M±X'h h^h^7T^VX\^ 
I,, ^lOio'SrfSlSlfi. miOnS^^ -yKMS: I nG 

a N t ?t {i G a N T'ffM^ s :^wmi&commcnm^m 

0^y^'Xha-i^j;'9t>^<^^i:^ ^-^'y^rMiiL 
T-f^ffl-tir-r. ^co_ht:BfiK$ixl>v&fiil9 5t5J;l/^9 
■yl<ji2 94b. 2 9 6tC^mc0^9>y:7*^^-r§^C 

. [ 0 1 4 6 ] $-c. -^wn^zti^^x . m.^YM^W\i. 

4^tc: S i . G e . T e , S^<r)Y^--^mii: Y-y°-t 

[ 0 1 4 7 1 iL/c. *^BBt;:t3<,^T. p^M-ftif^^'m 

n, Cd. Ca. Be. cm<^T ^ ^7' ^ -^-m^-^m 

im^m\i^(r>i^^B'fm^ ^z f -Tth z.tf<zx->xm^ 
fih. :i<r>Xo^zr9'z-r^-T-m!!i^Y-y°hx^^ 

[01481 ifm^(nm.m^Mwmtm=i-\i.. mt^t 
MovpE {^immmMfSLm^) . mbe (^«^ 

fflRg:^-^) , HDVPE (^^•^ h'^-^ ^ 

. amm^S:^m^^x. m.±.\>z.^m.\m^mmm 



m-h:it\>zX'^xmL<mk-th^tifx^h, m 

^ M V \ -i^wi^zm c X '^-m\m^ i>fflv^T^^Movp 
i^xxf-n.wm^m^Lx^-w^(Dmm^Mm:m=?- 
[0149] i^JiJi. mm^^mxx^^wmmmmm 
mnm9izisnimMmmmiooit. ld« 

^ Ltzm^iztmhm 1 3 come i 

.<{ipSl nGaNilt:i-OV^T<7)-Y yi^'^^AcOji^iSi: 

txdf ^ vT'^^izm-t^mmt. m:>nmtL<i±pm 

I nGaNJi^::oV^Tt!5l«^^^,T(i:*0. lOCOnS 
i,L<{4pMA 1 GaNJltOV^TiOr;I^S-'^AiOj:b 

tipSA 1 GaNmi,Z-0\^Xi:imMl>ZhXliti>:it:h^ 
[0 150] 

\mm\ \^xf^w^^mm\\izm-i\^xmm-h. a 
T<7)mmmxn. ^xcomim^mi^mimovpEm 

izX^M-^^X\>^h. 

[0151] mmm i 

ti'. IWM:^'^t LXTMG ( hU^^/W;*'U'>A) t 
N Hg i: ^fflv \ SE^^^t::-^ -y h LfzVy r A rmm 
iOCStzS 0 O'CTGaNJrO^S^^'-y^rMsrS 0 0 

[01521 mz^^ 1 0 5 0'C*t:'±lf . TMGt 
NH3 ;&-i^^^±iBMM^'^ti^5y^'XS:Jax.. Si 
K— 7°nSGaNj; 0^?>nS=jy^'i^ hiiSr4A£mC0 

TM(i:. 2XlOi9/cm3 X'h-^tl. 
[01531 m^-^X. ±fBJS^4;^'^t3$ A.tTMA ( h 

'j^^;wr;i'S-'>A) SrJnx.. Pit< i o 5 o°ct-s 

iH-rnMAlo.3 Gao.7 NJl J; '9=5:l.m2<OnM 
^^•yKJi^O. l//mCOJ?§C:^£:ir$-t^^v:. ^c7)^2 
a^nm^y-yV m<7>m=F^ ^ U r iiJKli 1 X 1 0 1 9 / c 
m3 Xh^-fz, 

[ 0 1 54 ] <J:i:. i^m^so OT:tT{f\ JMM;<fXi: 
LTTMG, TMI ( hU^^^t/-( yi^'^A) , NH3 
Joit/i^^ypi/'^^SrfflV^ Si Y-rnm.! no.oiGa 

0 ggNiO^'S.mic^nS^^-y Ym^5oo^y^'y^ 
hxj-M,(7^W.^lZfSi^^^fz. Z<r>mi<r>nm::^y-/Y 

mcom'F^^vrmmit. 5x1 oi«/cm3 t-$)o 

[0 1 551 ^V^T. J^lsWXhLTTMG. TM I 
it^NHs ^m^^. SOO'CX-yyY-yi no. osGa 



(20) 



4fgB^9-3 64 3 0 



[ 0 1 5 6 1 <^:t. ?g^Sr 1 0 5 0*"Ct±H\ 
i:LTTMG. TMA. NH3 i^ifXCpz Mg ( ix^ 

SAI0.3 Gao.7 ^J:K)^^m2<DpSL^^vVm^ 

h'JliOTj^-^pJr^'JTiiKm X 1 0'8/cm3 T'S)o 

[0 15 7] ^V^T. LTTMG. NH3 is 

J:r/Cp2 Ms^mW 1 0 5 0°CT'Mg 

{i5x 1 0i9/cm3 T'^>-57t. 
[0 1 583 L*^§f^. iS^^Mig^T'W, '^x-^x 
2r^^flA^^|S "9 ta L. 7 0 0X:X'^Ji-y^<7yT-- 
U>'^'SrtToT#pMM^$4>{=«tn:'fk$ii-f^. iJs: 

AlJ:K)^j:^Mmm^m^L. P^rjy^S'^h/lcoOT 

[0159] mmm^m. ^jl-j^^ 3 5 o/im:^of' 

V :7-t3^^gt Lfcm . ^SUt^ V 1 5 SoJifSj^-tt 

I^M^l) 2 OmAiCiJV-iT. Vf (JlpJ^fS^^) 3. 5 
V. ^7tt-^^^4 1 5 nm<7)#fe^3l5^^t. ^3Si 

ffiteii2 0 n mr^> 0 . nni>zmimcO^\,^^^^^L 

[0 1 6 0] ^Sg01j2 

mmm 1 1 mm\,z tx^y r ^ rmmco^iz s i k -r 

nMAlo.3 Gao.7N;iJ;0=5r-S.m2i7)nM^^-yK 
M*T-^^$ii-;tf^, S2i0i?9 y HMc7)±t^Mi 
tmmc0^f^X\ ^>K-ri no.o5Gao.95N^4 0 

[0161] mz^ mitm(^±iz^ mA^'-xt lxtm 

G. TMI. NH3 feJ;J/Cp2 Mg^Mt.\ SOO'C 
X\ MgK-:rp^I no. 01 Gao.ggN J; 0:5:1.111 C7) 
pMi?7v KJiS-5 0 0^y^XhXJ~M,CO}m-^l,ZS^M: 

10 1 6 21 Ztlim(7)m2cr,pm9y'y}<m. pM=7 

OLED^^^#/-, ^£?)LED*^{i. If20mA 
{3i5V^T. Vf3. 5V. ^3Kb-^^:^4 lOnm. 

[0 1 63] ^MM3 



mi(?iil timtttLT. if7T-r7'S^<7)J^{3. Si K 
-rnSi no.01Gao.99Ni '9=5rl>lllc7)nMiJ'5 y 

yyK-r r no.o5Gao.95Na:4 O^y^'^ho 

[0 1 64] Mt^T. IMm:^'Xt LXTMG^ TM I . 
NH3 iiil/Cpj Mg$:ffl\,\ 8 0 0°CT', Mg K- 
yp^'i nQ,oiGa.^_9gNJ:*)^j:^mi<Dpm::^yv}^ 
^^5 0 0^y:^Xhti-Mcom^lrZ^^^^ti^ Z<0 
mi c0pM^5 >y }^mcor--/V^ik(^yrs^,v^^ y T-jg 
^(S. 2xiOi7/cm3 Xh^fz. 

[0165] mz. mmm i t-mmizLx. mic^pm 

i^^^y Kil±{;MgK-TpMA lo 3 Gao 7 NJ;^ 
^I.B2cOpM^7vHii^^:i$ii:, -^LT-e^Oi^C 
Mg K-TpMGaNJ: •9=5:^pS3y:J'i^ hJW^^M 

^■^tz, ^<om. mm 1 1 nmi,z lt . ?mc^i.E d 

icOLED^^(i. If20mAr-Vf 
3.5V, 1 0 n ^^^^ 

t=:)^®te2 OnmXhKf. ^UiJjlie myvx^-oti 

[0166] mmm4 

mmmitmmizLx. ^y r Tm^co±i,z^ s i k 

-rnMAlo.3 Gao.7 N«j: '9^S^20nM^^ 

±(C. Si h'-TnMGaNJ;0^SBl<7)nM^5'y 
K^arSO Opj-yj^'XhD-^cT);!^^^-^^^/^^ ^ 

[0167] mz^ mmms t mmtzm iconm^y y 

K«5 5cO±(C. y>.H-rino.o5Gao 35N^4 0 

^y^:^hu~-Acom^iz^M:^^xm~A^^pifnm 
<om^^mm.Lfz. 

[0168] mz^ ^is^c7)±tz^ mmm 1 1 mmiz l 

MgK-rpSAlo.3 Gao.7 NJ:0^^^2c7) 
pM^7-y HWtMg K-rp^GaNJ;0^ap^3 

y^^vmt: m<xi&^ ^^tz. z nimummm 1 1 m 

MlZLXLEUm^^ntz, <rcOLEDS^(i I f 2 
0niAT-Vf3. 5V.^yt\^-^m4 15nm. ?t 
yey^'<-^hJUco^mte2 0nmX$>'0. m^tiiMSm 
WX^-ofz, 

101 69] mmms 

isnm $-ino.2 Gao. 8 N xB^ LfzmHmmm i 
tmmizLxLEDm^^imLfz. hcdledm^ 

a. I f 2 OmA^Zib'l^T, Vf 3. 5V, :^h-^ 
^^4 5 5 nm. ^Ili|i2 0 n inc7)#fe^-^^^L. ^ 
3iim:*3{i5mWrS)-^fc, 
[0 170] |ISg^j6 

fz. -r^xh^. ^mmi. '<^^mmm-htz>^ 

WS\^'y.tLXTmG^ TMIiJit/NHa^ffl 



(21) 



M¥9-3 64 3 0 



V\ 8 0 0'CT\ yyK-7°Ino.i Gao.g N^M 
fz.m^-^t. Ino.o2Gao.98N«(I^MJl) 2r20 
-^-ii-fixSm-fo^.Oiit. ftt^tClno.i Gao.9 N 

mm (PtMJi) ^2o^>'i/xbo-Ac7:)i5$t^^:^$ 

-ii. ^Mff 14 0 :ty^'^ ^ n— AcO^SM^^fJ^'lf 

I f 20mAtCi3V^-C. Vf 3. 5V, ^5tt-^'M:^ 
42 0 nmC7)#fe^^^L. ^tl3:'3{i7mW-f S>o 
/i. 

LT S i i: Z n ^ h'-r b/::m-»^#FMitc7) I n 
0 osGao 95NJI^5 0^>'i?''Xhn-Ac7);f$t;i?^^ 
L^^WtiHife^J 1 l^^i- LT L E D Srfm L 
fc. ilCOLEDm^itl f 2 0mAiZi5\yt, Vf 3. 
5V. ^t-:^?S:i:4 5 0 nm. ^m^7 0 nmO» 

[0 17 11 mmms 

mmm i v k nm^y^^^h m(7)±^z s i h 

^rnMI no.oiGao.ggNiO'Sr^miCOnm:^^"/ 
]<m. yvb'-TI no.osGao.asNiD'Srl.vSttM, 
MgH-Tp^Alo.3 Gao.7 N i 0 =5r&^2cOpM 
^'9 yKJi. fcil^Mg h'-rpaGaNj;'9=5:l.pM 

ED»^^&#/v:. iCDLEDS^Ji. If20mAt;t5 
V^-r.yf3. 5V. ^b*-^'-iS:^4 1 0 nm, 

[0 1 72] ^Mf'J9 

mmmitmmzL-z. ■^yr^rmmco±iz^ nMn 

00-CtTffs MM:^tLXTMG. TMI . NH3 
iD<tt/i^^^;??.X2rfflVK S i F-rnMI no. 01 G a 

f^^^^tz, mz. i&mt: 1 0 5 ortzJitf . IS3|Sf;^fx 
hLTTMG. TMA. NH3 tsXl/'yyyA'^'^^ 
V^, S i h'-rn^A lo.2 Ga^.s N J; D 'Sri. MS: 
3 9 07r>'i/Xbn-Ac7);w$t::jie:i$-li-^^. iii^>c7) 
mf^^2 0|ll^'}31t. S i H-rnMI no. 01 G a 
0 ggNBi: S i F-rA I'o. 2 Gao.8 NlSr^Sltl 

oii-^':>mJiUcnM#TO (mi(7)mmm) 
[ 0 1 7 3 ] nm^mm±i<z. mmmstnm^z 

vSttii. ^1c^pS^7>vK;1, fcj;t>'^2<7)pS^9 
[ 0 1 7 4 ] 8 0 Oricm^tT. 



XtLTTMG, TMK NH3 fcJ;U^CP2 MgSr^ 
m2c73pMi79'y Vm±l>ZMg F-rpMI no. 01 
G ao. 99 NJ12: 3 8 0 ^y^-"^ h n-Aco;?-^ 
■tir/^f^, i^m^ 1 0 5 0'Cti±{f , mm:^'^^t LXTM 
G. TMA. NH3 joiVCPj Ms^if^'tm^ Mg 
H-rpMAlo.2 Gao.8 NJllr3 9 0:tyi5^^bo 

sF-rpMl no.oiGao.99N^i:Mgh'-rpMA 

I0.2 Gao.8 NMt^^mzi om^s^mmtfzpm. 

1 0 1 7 5 ] -y^^x\ pm^mm±iz. mmmitmm 
iztx. pm^y^9 vmtrfiiM-^'tfz, 

[01761^0 LTt#'bfi7^c'>x-^Mzov%T. mm 
mitmm^zLx mim^mi^m sr^ ^y ^ y ^' Ltzm. 
miMX'h I. p ^ hmc^^mizm^^B^<^'^ 

Xi^^mt. nS3y^^h«±iC5 0A£miOliT'm 
mil^. pSny:?'^' b«±t3l 0;uinc7)5iT'IEW2r 
mm?FML)t, icOctdt::nM3y:?^ hiliOcn 

[0177] mz, mitm^i^mt:mf^Lx^^^j:\>w 
co^y r ^ rmmm^mmLxmucom-^^ 9 0 jum^z 
L. ^y 7 ^ rmmmmcomm {yK-ir^Brnzn^^xyKn 
ifimm^zm^^-thm) ^rx^y-^yuz. y.^^y-^y 

f^, yy:n~js^7 OOMmM(D^yyi>Z'!&mL. 

t:m^mm^S l Oj iD=5:S^i»^ (la^j^-tir-r) 
a$;h.r*<^-S>. ;<7)^-yrSrb-hi^:xi?{ciSa 

L#V^«»K^^1. SkA/cm^ 
X^m^-^3 9 0 n m<7)l.-if%^;6iTiii2,$ilfv:, 
[0178] HJfi^J 1 0 

glt^-lr -y h L^^vl-tf 7 7 -i TmmcOCmi>Z. 5 0 0°CT\ 
GaNi 0=5r■l.>'^'•y"7TilSr2 0 0:^y^y^hn—M,cr> 

m^iz^^^^tz. 

[0179] mz. i^m^ 1 0 5 0°C^T'±{f. TMG 
hNHa i:<7)Jlt4;y;^tci/9>';^X$-JPi.> S i K-r 
nMG a N i O'SrI. nM3 y ^ ^ b)i^4 X£ m£7)Ji$ 

[ 0 1 8 0 ] oi^r. 8 0 ort^Ttf . ±iEi^l4 

;yxC$<^CTMI ^JD^. S i F-rnMl no.osG 
ao.95NJIJ:O^SI?l<7;nS^7>y HJiS:5 0 07|-y 

[0 18n^V^r. 8 0 0°C-C\ ^li7)nM^5v K 
Ji±tzyyH-7°l no.2 Gao.8NS:20^yi/^N 



(22) 
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[ 0 1 S 2 ] iag2r 1 0 5 O-Ciziff. !Mm>ff^ 
fcLTTMG. TMA. NH3 i^it/^Cpj Ms^ffl 
V\ Mg K-7°pMA lo., Gao.9 N j: "9 ^-g.^ 1 c7) 

f 0 1 S3] ^V-iT, 105 0°C-C\ MgH-rp^A 
I0.3 Gao.7 NJ;0=5r§m2(7)pM;?7<xK/i^O. 

lOlSAim^m^. 1 0 50°CT-Mg H-:rGaN 
J:CI=5rSpM3^^^Ml^l. 0 /zmOj?$(z^£:l$ 

[0185] KmmTik. i^mt-miE^t x^rif. -^jc- 

PMrr^^^^HJlt^TL^^LTff^-r^Ni 

cO±MtilOTfc. Ti fcA 1 cl;0=5rl.:ftmSr«L 

[ 0 1 8 6 ] <J:tz. S^t!|t^^*«&?g^LT^>=3:V^:^ 
W7 r ^ TS«® $rP@ L xm^c^m $ ^ 9 0 m t 

—f^m^m^fzt^^. L#v^«gs^^2. okA 

/c m2 T«^:g4 5 0 n mCDly-'f^m^mU^ir 

CO 1 8 7] mmmi i 

m&m 1 0 i: mmifZ lt . r rs^tzG a ^' 

•y 7rM2'2 0 O:t>'^'^ho— nMGa 
Lfz. 

[0 188]<^{Z. SiK-rnSAlo.3 Gao.7 N 
J:'3=5r'?.^2cDnM^7>yF«^0. 5/zmcOJ?$ic?^ 
^L/Sf^. S i K-rnMl no.osGao.ssNiO^Sr^ 

m^izm&Lfz. 

[0 189] mzjyY~yi no. 2 Gao.8 N^2 0 

COmitm^rm^L. -e^OiiZMgK-rpMAIo.s G 
ao.7 NJ;0^l>Sl2c7)p^^5.y HJi^O. 

OV-^r-Mg H-rpMGaNj; 0^r-l>P^3> 

[0 1 90 J znmimmmi otmmiztx. 

OkA/cm2 T-'^«:^4 5 0nmCO^- 
i^'M*^^IfS$n7t:. 

[0 191] mmmi 2 



^f^J 1 0 t mmi>z LX.-^yr-( Tm^l,zG a N^N- 
v7rji$:2 0 0:t>'^^\Xho-A£7)jJ$(C, nMGa 

Lfz.- 

[0 192]<J:tC. Si K-rnMAlo 3 Gaj 7 N 
i:0=^l.m2<7)nM^^.y HB^O. 5;umcr)JI$t-B 
^£L;tm. Si K-TnSlno.o5Gao.96NJ:»9=Srl. 
Slc7)nM^7-yh'«f:0. 1 /zmcTjiW^tj^^Uf^^ 

[0 1 93]oi,^T'. G ao. « 

2 O^y;?--^ hn-AOi?$tfig:g$-iJ:Tm-i^#F 
^jtc7)vg'l4;iSrJg^L. ^c7)±tiMgK-rpMAl 
0.1 Oao.g Nj;0^rl>||lOpM:7 7vK«^0. 1 
Mm(7)m-^I,Z^M:^^^ §^{ZMgh'-rpMA I0.3 
Gao.7 NJ; 0^1.^2 OpMiJ' 5 >/ K^^0. 5;um 
^m-^^Z^M:^it. ftf^iZMg H-rpMGaNi 0=5r 

[0194] ztamammm i o t mmiz lt . 
fifzLDm'?'<7)u~^'^mz:m^yzt^^. mmmi o 

^\'mm^mm l . O k A/c T'««4 son 
[0 19 5] Mfee^Jl 3 

f^^m^. mmmi2tmmizn-^fz. ■ttch'h. mi 

(^nm^^-.YMtLX. Si K-TnMl no.osGa 
o.95N<7)ft^Ofc: S i H-mSGaNM^O. 1 

tC, y^K-nno.4 Gap. 6 N#Fil^30^>i/ 

0. 08 G ao. 92 NI^MJl 2: 5 0 h n— AcOiS? t 

pm/mmmxwpm t v ^ 3 5 1 9 0 >j- 

[0196] nhtltz L D^-?tcoV^T. HM^J 1 0 t 

mm\>zLxu~^^m^m^rztz.^. L^\mmm.m 

B.O. 9kA/cm2 T'SOOnmcT)!^— f^n^^L- 
^01J14 

mi<r>pm^^-y}^m^mf&Lfzm. m2(opm^^ y 
^M^m^^^zt^^<pM^>^^h^^mf^Lfzm 
mimmi lotmrniztx. ^7t^ Tmm±iz p m 
^y^^ hmtx<D^^Mi^mifS.^^-\tfz, t§/bii/c 
r^x-^N^cov^T. mmmi otmmiz^ -r^-vy^ 
izx^pmm-im^mi^mcoi&i&m-it. }5j:z/pmay 

9^ Ymii^hnm-ny-^^ hmtTcTiJL^/^y^^'^^ 

fzm. pm^y^^hm±^z. m^mmm^mj^'ti>^ 
3^^;? hm(DmtiimmizT itAn o=3r§^ms^ 
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EDMW I f 20mAlZi3V^Ts V f 3- 5V. 

[01971 mmm i 5 

^fiii^j 1 0 b nm^z \^x.^yrA r^mJit^ v^^y 

p V ^ ^ h M±t: . ^Jjfi?^^« ff^l^-r i. i t 
i£<^ N i i:Au J;0=5r-l.jEm'^S:li:^?^fi£'-^ nM=i 

om^ii, I f 2 OmAt;t3V^T. Vf 3. 5V. 
[0 19 8]mi^J16 

^J£f?lJ 1 0 h L-C . -^f 7 r ^ rS«±tr . G a N 
/^y7T)1^2 0 0^>-^'"^l-a-AcDff$t3. nMG 
a N i 0 ?> n M >- ^ h M 2r 4 M m C7)ff $ t )li W 

[0 1 9 91 <is:t3, nM^y^:?' h«^-tt=^ yvF- 
rino 2 Gao.8 N ^ 3 0 it V^'"^ M='-A(7);p$ 

[0 2 00] Mgh'—7°pMA 1 0.1 Gao.9 

^0±tCMgF-rp^GaNj:t}=Sri.P 

[02 0 1] L*^-5.m. ^fiJ14fcilI1«tcLT. T- 

<50LEDS^&#^C, ^C7)LEDSW. If 20mA 
t::*3V^T. Vf 3. 5 V, ^3t«4 5 0 nm<7)W-fe?& 

h )V(^^m^\t. 2 0 nm i: i^^-r^Sr^-^^ HF^^ 

[0 2 0 2] "mmxi 

vg'ti/ii:trino.4 Gao.6 N?: 5 0 ^V^;^ b P- 
AcoJi:$H«^■t^^^:y.Wi«0'^Jl 6 i:l^^^^^^^^^- 
J;OLED#i^Sr^#/'c. CC7)LED3g^(i. ic7)LED 
Sl^ii. If 20mAt3i3V^T. Vf 3. 5V. 
^5 2 0nmiOiife%7t^^Ls f&^ttJ:»]fi4 mWr^^) 
0 . Wt:^'<-'^ 4 0 n mT-S)'p/i« 

10 2 0 3] mmw^ 



3i:|l]l:.ti<^^tTo-CLD^^$r#7to i-'Srsb^. ^ 

K«±(:i#F« ^: LT y y K -ri n 0 . 1 5 G a 0 . 3 5 N,S: 

Hi: try y^-^" I no.o5Gao.95NS:5 O^y^;^ 
bn-Ac7)Jl$tcjjS::g$-tt-l.fcv^oti#2r 1 3[fi]^D}g 
mk^zWFMtl^X y y^-y no.isGao.ss/N 
^2 5:ty/Xba-A<7Dl?:$tC)^:g$-tt~ Ml 0 0 

i/i, ^lOpM^J'^.y b'iii: AI0.05G 
ao 95N&5 0 0:t>'iJ^-^bD-A£7)/5$lC|j£:^$ii: 

{i. t # (/^iimsTt^J^ 1 • 0 k A/ c m2 T'4 1 5 n m 
[0 2 04]«^J19 

-rino i5Gao.85N^2 5^y^>^ba-Ac7)»$ 
CCfiS:;!:^-^. ^cr)Jitc|^SIli:LTyyt^-ri no.o5 
Gao gsN&^O^y^^ba-AiOif^l^jS:^^-*^ 

i;v^dM#^2 6ii]^05gt. mmz^pmtLxyy 

l^-ri no. 15 G ao. 85 N ^ 2 5 ^y^X h a-Ac7)/S 
$tB!t;^$-tir. SgJPl 9 7 5:ty^'Xba-Ai7)^«l: 

: ^xmmm 9 i: isiai7)}![ia$ ^-r o -c l d 

1. OkA/cmZ -c-4 1 5 nmCOl/—- *f^^$:^b 

/Co 

[020 5] ll]l£f^J2 0 

mtm 1 6 -C1#f;Wfe L E D fc . mSi^J 1 7 Tit/:: 

nGaP^<^«f:fJ;0'5:-5.^*:^3 3mW. 6 60nm 
c7)#f&LE D JitfO^ixm— li^'^^ 1 l< -y b fc-ri. 2 

5 6X25 6ffi^C07/I/^7-LEDr ^ xri/^ 
^L/::i:>l^. -e^oafecoffi*lig{±17Jc d-CfcD, L 

[0206] 
[Il®(^^m=5rlftB^] 

[HI] 1 «^.)(Byffit3 J: ^M-fi:?^^^*?^^^^ 

[[12 ] 1 coMtci 'SMfW534^®i*^^ 

[ El 3 ] ^^(r)^ 2 c^mmi^z X h mm^mim^m 



[04 ] ^mmcom2cDmmizj:^m-{m^m^m^m 

[010] ^mMcom5(mmizj::hm^tm^mi4^^^ 

[012] ^mMcDm8commizj:^m^tm^mi^^y6 
[013] ^mMcom-i[:^mi^^yem^izmi>'is^ 



[014] -^wmm\m^wmm=f-^iinh'<^'&. 
[015] ^m^Mcom'(tm^i^m:m'Fizmipm 

A 1 G a N ^ 5 V K^c7)jr $ t ^ytmi'cT^m^tiitl t 

[016] ^-mmm.im^n^mm^\,ziinh nm 

I n G a N ^ 5 V ^O^m^ h mm=^<m%^^ t (T) 

11. 91 . 4G 1-^ 

1 3. 93, 4 0 3---nMn^;57:? h« 

14. 21, 34, 54, 501, 94. 294. 29 
4a. 294b, 414. 4 1 2 - nM^ 7 y h'i 

1 5, 95, 40 5 -v^li/i 

16. 36, 41. 56, 502, 96, 96a. 96 
b. 296. 41 6, 426, 4 3 6-pM^^ .y ^jf 
1 7. 97. 407-pMr?>^^h;i 

15, 98, 4 0 8--:a«:g 
1 9, 99. 4 0 9---iEmffi 



[01] 



[02] 



[03] 






— 17 
— 15 
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[04] 



[05] 



[06] 
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(32) ii5fe a T 7 (1995) 5 En a 

(33) ^s^^i±5i[iI H:*c ( J p ) 



